We implement a spatial probit model to differentiate states with a lottery from those without a lottery. Our analysis extends the basic spatial probit model by allowing spatial dependence to vary across geographic regions. We also separate the spatial effects of neighbors versus non-neighbors. The methodology provides consistent and efficient coefficient estimation in light of the simultaneity in spatial dependence. We find evidence of spatial dependence and spatial heterogeneity in lottery usage, and we find that spatial patterns differ significantly by geographic region. The importance of spatial dependence in state lottery usage suggests the need to consider spatial effects in empirical models examining the use of any policy tool by subnational governmental units.
Introduction
Spatial econometric techniques have been developed to effectively capture spatial processes in natural or experimental data (Anselin, 1988 (Anselin, , 1995 Haining, 1990) . In this paper we introduce an extension of the spatial probit model and apply this model to the issue of state lottery usage. Our spatial probit model is a less restrictive form of traditional spatial models that assume the degree of correlation is the same for all cross-sectional units. We allow spatial correlation to vary by geographic region and demonstrate that reducing restrictions on spatial correlation coefficients can result in significant gains in model power. In addition, we allow spatial effects to differ between neighboring and non-neighboring states. This analysis suggests significant differences and reveals that estimates from spatial models can be sensitive to the spatial structure imposed.
The spatial probit model not only allows direct estimation of spatial dependence in states' decisions to have a lottery, it also provides for consistent and efficient estimation not afforded by earlier studies of lottery usage. Our methodology provides consistent and efficient coefficient estimation in light of the simultaneity in spatial dependence. Previous studies on lottery usage attempted to capture the influence of neighboring states' lottery status by including a variable that reflects whether a neighboring state has a lottery or a variable reflecting the number of neighboring states having a lottery. However, the very nature of spatial correlation suggests these variables are endogenous. The results of previous studies may be inconsistent because they fail to address the simultaneity problem.
Spatial econometric models have been applied to numerous economic issues. Among the issues examined are: 1) the decision by farmers to adopt new technologies by Case (1992) ;
2) the location of foreign direct investment in China by Coughlin While state lottery usage is certainly a function of a state's economic, political, and demographic characteristics, our analysis allows a determination of whether the pattern of state lottery usage is also due to a state's proximity to other states having a lottery.
The conceptual frameworks that have been used to explain state lottery usage rely on the rational behavior by legislators. What differentiates the frameworks is the objective function Political and demographic factors are also considered to be important in a state's decision to have a lottery (Alm et al., 1993; Clotfelter and Cook, 1989) . We include a dummy variable that takes the value of 1 if the state has a referendum or initiative process, and 0 otherwise.
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The feasibility of a lottery is also correlated with the potential number of players in a state and the ability of the state to run a more cost-effective operation (DeBoer, 1985) . Thus, we also include population density in our empirical models.
Two groups likely to have strong views about gambling are the elderly and those belong-1 Per capita income is from the Bureau of Economic Analysis; state and local tax revenue and intergovernmental transfer data were obtained from the U.S. Census' Governmental Finances, various years. All nominal variables were deflated using the GDP deflator (1996=100).
2 Debt data were obtained from the U.S. Census' Compendium of State Government Finances. Because 1987 data were not available, total state debt was multiplied by the average short-term percent of total and the average long-term percent of total to arrive at long-term and short-term state debt in 1987. 3 Obtained from Alm et al. (1993) and the Initiative and Referendum Institute.
ing to religious denominations (Clotfelter and Cook, 1989) . We include the percentage of the state's population that is older than age 65 and the percent of the population that is Catholic. 4 Those older than 65 can be characterized as typical lottery players. Moreover, Alm et al. (1993) noted that this group is frequently opposed to other forms of tax increases.
In their study, however, this variable was not statistically significant.
On the other hand, the views of religious groups toward gambling have been shown to matter empirically. Tax revenues, short and long term debt, and federal grants refer to state and local governments. All nominal variables were deflated using the GDP deflator (1996=100).
Empirical Model: The Spatial Probit
The basic model of spatial dependence innovated by Cliff and Ord (1981) and Anselin (1988) allows for spatial dependence in the dependent variable or in the error component. The model with spatial dependence in the dependent variable is often referred to as a spatial lag model or as a spatial autoregressive model. The model with spatial dependence in the error term is referred to as a spatial error lag model, or as a spatial autocorrelation model.
Somewhat different than autocorrelation in time series models, spatial dependence in crosssectional data is multi-dimensional in that it depends upon all contiguous or influential units of observations. The framework we use is similar to the standard spatial econometric model. The discrete nature of our dependent variable and the panel structure of the data necessitate some modifications of the standard model. Maximum likelihood estimation traditionally produces consistent estimators for spatial models with continuous dependent variables. However, unless corrected for, spatial dependence in models with binary dependent variables introduces heteroskedasticity that renders coefficient estimates inefficient.
The lottery status for a state i = 1, ..., N at time period t = 1, ..., T is derived, as in the usual binary choice model, from a latent variable, y * it , and the rule
The first-order spatial lag model for the latent variable is given in vector form, stacking cross-sectional observations over all time periods, by:
where X is a (T N × K) matrix of exogenous variables and ε is a (T N × 1) zero-mean error term. The scalar ρ is the spatial lag coefficient and reflects positive spatial correlation in the dependent variable if ρ > 0, negative spatial correlation if ρ < 0, and no spatial correlation
weights matrix W along the diagonal. The individual elements of W = {ω ij } are specified later.
Spatial dependence can also occur in the error term, ε. Spatially correlated errors may occur due to spatial correlation among the independent variables, spatial heterogeneity in functional form, omitted variables, and spatial correlation in the dependent variable when a spatially lagged dependent variable is not included in the model (Anselin, 1988 ; chapter 8).
The first-order spatial error lag model is given as: 6 Our model makes the assumption that the off-diagonal elements of the covariance matrix are zero. Relaxing this assumption, while potentially increasing efficiency, greatly complicates the estimation procedure. Researchers have recently explored several alternative methods for estimating the spatial probit models that use information in the off-diagonal elements (see Anselin (2002) and Fleming (forthcoming)).
where ω ij = 1 if observations i and j (i = j) share a common border, and ω ij = 0 otherwise.
In this specification, the elements of matrix W are row-standardized by dividing each ω ij by the sum of each row i. We use the inverse distance spatial weights matrix and the binary joins matrix in our empirical models. We chose to use both forms of weights matrices to highlight any differences in spatial patterns of lottery usage in neighboring states only (captured by the binary joins matrix) and between all states (captured by the inverse distance matrix).
Our basic specification assumes that the influence of spatial dependence is the same for all states. To reveal differences in spatial correlation for geographic regions, we also specify distinct spatial correlation coefficients for states in each of the eight BEA regions. Allowing for regional spatial correlation coefficients gives the following structure:
The distance was computed using the geographic coordinates for the population centroids computed by the Bureau of the Census for the year 2000. Population centroids did not differ significantly in earlier decades.
where, potentially,
Here R denotes the total number of regions, and ρ k and λ k denote the spatial lag and spatial error lag coefficients, respectively, for region k. W k remains an (T N × T N ) block diagonal matrix having T copies of an (N × N ) spatial weights matrix W k along the diagonal. Rewriting the full spatial autoregressive model by incorporating the structure in (3) and (4) gives
This structure induces heteroskedasticity. Correcting for heteroskedasticity is done using the method of Case (1992) and Marsh et al. (2000) . Renaming the last term in equation (5) 
W k = W, and therefore, the original model with constant spatial lag coefficient is a restricted version of the model with regional spatial lags.
we obtain its covariance matrix as follows
where σ 2 υ is the common variance of the υ it 's. As in the standard probit specification, for identification purposes, we assume that σ 2 υ = 1.
The full spatial model in (5) is then premultiplied by the variance-normalizing trans-
The transformed model is:
Clearly the event y * it > 0 is equivalent to the event Zy * it > 0; therefore
and the log-likelihood can be stated in terms of the transformed model as follows:
where X * = Z(I − ρW) −1 X and Φ is the c.d.f. of a standard normal distribution. Setting ρ = 0 or λ = 0 allows estimation of the spatial lag or spatial error lag model, respectively, and setting ρ = λ = 0 gives the log-likelihood for the standard probit model. Tables 2 and 3 present the probit estimation results for alternative specifications of the determinants of a state's lottery usage. Asterisks * , * * , and * * * , indicate statistical significance at the 10%, 5%, and 1% levels, respectively. LR is the likelihood ratio test of the joint significance of all coefficients other than the constant term, 2[lu − lr], where lu is the log-likelihood of the unrestricted model, and lr is the log-likelihood of the restricted model. McFadden's pseudo R 2 is defined by R 2 = 1 − lu/lr.
Estimation Results and Discussion

Pooled Probit and Binary Spatial Weights
Column [1] in table 2 corresponds to a standard probit model where no spatial effects among neighboring states are taken into account. The coefficients represent the mean marginal effects of the explanatory variables on the probability of lottery usage.
9 Column [2] corresponds to a specification where the spatial interaction among states is accounted for by including, for each state, the percentage of neighboring states that have already enacted a lottery. This is analogous to the specifications used in previous hazard function approaches to the adoption of state lotteries (Alm et al., 1993) . As noted previously, this specification fails to account for the endogeneity of the lottery usage decision among states. This model suggests that the probability of usage depends positively on the percentage of neighboring states that have already adopted a lottery. It is important, therefore, to model the interaction among neighboring states appropriately since the decision to adopt and maintain the policy is an endogenous variable.
Columns [3] and [4] present the results from two alternative specifications in which we account for spatial effects using binary spatial weights to determine contiguity among states.
As we discussed before, this scheme considers as neighbors only those states that are adjacent to each other. Column [3] corresponds to the model with a spatial lag in the dependent variable, and column [4] corresponds to the model with a spatial lag in the error term. As we can see from the table, the spatial dependence coefficients are statistically significant. In particular, the spatial lag coefficient, ρ, indicates the presence of strategic interaction among states in the choice of lottery usage.
Specifications [1] through [4] suggest that the level of real per capita state and local long term debt has a positive impact on the lottery usage probability. The same is true for real 9 For continuous variables, the coefficients in tables 2 and 3 represent the average (taken over all the values of the explanatory variables in the sample) of the derivative of the predicted probability with respect to the variable in question. For the dummy referendum variable, the coefficients represent the average absolute change in the predicted probability when this variable takes a value of 1 relative to the case where it takes a value of 0. The standard errors for the mean marginal effects where computed from the covariance matrix of the probit coefficients using the Delta method.
per capita personal income and for population density. Additionally, the growth rate of real state and local tax revenues and real per capita levels of federal grants to state and local governments have a statistically significant negative impact. These results are consistent with the theory that a state's level of fiscal distress is an important determinant in the usage of new revenue instruments. Real per capita levels of short term debt do not have a statistically significant impact on the lottery usage probability.
Previous studies have found that political variables, such as whether the state has a referendum mechanism, have a significant effect on the lottery usage probability. We find that the effect is positive and statistically significant.
The share of elderly population (65 years or older) and the share of Catholics in the population also have a positive impact on the lottery usage probability. These results are consistent with studies documenting the characteristics of lottery players.
In the models corresponding to the binary spatial weights, both the spatial lag in the dependent variable and the spatial lag in the error term are statistically significant from zero at the 1 percent level. The log-likelihood of model [3] , with only a spatial lag in the dependent variable is, however, substantially higher. 
Inverse-Distance Decay Spatial Weights
An alternative definition of neighborhood effects in the lottery usage decision allows decisions in nearby states that are not necessarily adjacent to affect a specific state. In this case, the use of inverse-distance spatial weights is more appropriate to identify spatial interactions among the states. Columns [1] through [5] in table 3 present the estimation results using spatial weights computed as the inverse distance between states' population centroids.
The results are qualitatively similar to those in table 2. The results from a joint spatial model, in column [3] , suggest spatial interaction in both the dependent latent variable and in the error term. The coefficients for the spatial lag in columns [1] and [3] are positive, 10 The model with both a spatial lag in the dependent variable and in the error term could not be estimated using binary weights because of identification problems. Asterisks * , * * , and * * * , indicate statistical significance at the 10%, 5%, and 1% levels, respectively. LR is the likelihood ratio test of the joint significance of all coefficients other than the constant term, 2[lu − lr], where lu is the log-likelihood of the unrestricted model, and lr is the log-likelihood of the restricted model. McFadden's pseudo R 2 is defined by R 2 = 1 − lu/lr. supporting the conclusion from model [3] in table 2 that there is a positive interaction in the choice of lottery usage among states. In a strategic framework, this suggests that the policy choices of states' usage of a lottery behave as strategic complements, in the sense that a state will find it to its advantage to adopt and maintain the policy if its rivals adopt it as well.
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The numerical interpretation of the estimated coefficients is as follows. 12 The findings in column [5] of table 3, for example, suggest that a $1,000 increase in real per capita personal income yields, on average, an increase of about 0.38 percentage points in the probability of lottery usage, since real per capita personal income is measured in $100,000s. The same scale is used for the real per capita long term state and local debt. On the other hand, real per capita short term debt is measured in $1,000s, but the coefficient is not significant.
An increase of 1 percentage point in the annual growth rate of real tax revenues induces a decrease in the probability of lottery usage of about 0.27 percentage points, as this variable is measured in decimal points (that is, 0.01 equals 1 percent); the same scale is used for the share of elderly population and the share of Catholic population. Finally, real per capita transfers from the federal government are measured in tenths of dollars, therefore, the coefficient indicates that a $1 increase in per capita transfers decreases the probability of lottery usage by about 5 percentage points. The interpretation for the dummy variable is straightforward, as the coefficient indicates that states with a referendum process have a probability of usage that is about 8 percentage points larger, on average, than the probability of usage among states without a referendum.
We have included two models in which we isolate the regional correlation coefficients as we described in section 3. Each coefficient, ρ k , measures the average correlation between a state in region k and the spatially weighted lottery status of all other states. Differences in 11 Notice also that although the sign on the spatial error lag is negative in column [4] of table 2 and positive in column [2] of table 3, the models with only a spatial lag in the error term have considerably smaller likelihood than models with only the spatial lag in the dependent variable or with both a spatial lag in the dependent variable and in the error term. 12 The explanatory variables were transformed to a similar scale for the estimation. This is often necessary to facilitate the convergence of the optimization algorithm in maximum likelihood estimation. the regional lag coefficients, {ρ k }, are attributable to two factors. First, the average distance from a state to all other states varies across regions-that is, the spatial weights matrices W k differ for different k's. Second, the number of states having a lottery increases over time.
Each regional coefficient, ρ k , captures both factors.
We find considerable evidence that the effects of spatial correlation in the dependent variable vary by region. As reported in columns [4] and [5] of table 3, all the regional correlation coefficients are positive and statistically significant; furthermore, visual inspection of the estimated coefficients suggests differences in the magnitude of spatial correlation between a state in a given region and all other states. A likelihood ratio test for the null hypothesis that all the regional coefficients, {ρ k }, are identical (comparing models [4] and [1] ), yields a statistic of 125.99. The corresponding p-value for a χ 2 distribution with 8 degrees of freedom is essentially zero, so we can safely reject the null hypothesis. Comparing models [5] and [3] with the same null hypothesis, we obtain a statistic of 124.59, so we also reject that the regional spatial lags are identical.
Model [5] , where we allow also for spatial dependence in the error term, provides the largest log-likelihood. Comparing this model with model [4] , where we assume that there is no spatial dependence in the error term, we obtain a likelihood ratio statistic of 8.79. The corresponding p-value for a χ 2 distribution with 1 degree of freedom is 0.003. This implies that considerable explanatory power is gained by relaxing the assumption that spatial effects in lottery usage are identical across regions. Furthermore, the probit specification of lottery usage seems to exhibit spatial dependence in the error term as well.
Conclusion
Using spatial econometric techniques, we show that the spatial patterns associated with state lottery usage result from a combination of the characteristics of individual states and the decisions of their neighbors. Five characteristics-population density, real per capita personal income, real per capita state and local debt, the share of a state's population that is elderly, and the share of a state's population that is Catholic-are related positively to whether a state has a lottery.
The results from spatial probit models strongly indicate that a state's decision to have a lottery is dependent on the decisions made by other states. Using either a binary or inverse distance weights matrix in the estimation of spatial effects, we find that proximity to states that have a lottery will increase the probability that a given state will itself have a lottery. In addition, we provide strong evidence that spatial dependence in state policies can vary by region. Unlike previous research, this study is the first to directly model and provide estimates on the spatial interdependence of states' decision to have a lottery, and the approach taken here affords the estimation of consistent and efficient coefficients. The importance of spatial effects on the choice of state lottery usage suggests that such effects should be considered in examining the determinants of other state government policies.
